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The objective of this thesis was to construct and test 
a probe for measuring the gas stagnation pressure of a high 
steed, mo i s t are- laden gas stream, with a suitable travers ing 
mechanism for use with a large scale aerotbermoureasor . 

Two basically identical probes satisfying the criteria 
as determined by Dussourd ( 3 ) have been, constructed and 
were tested. Two traversing mechanisms were constructed for 
these probes. One employs a lead screw and universal joint, 
geared drive wifh a counter to determine the position of the 
probe within the ’duct. The other arrangement merely provides 
support for the probe ■’nd traversing is done by hand with the 
probe position determined by a direct reading pointer and 
scale . 



It has been determined that the maximum spread in the 
measurements obtained by these probes is three percent and 
it is therefore concluded that these probes will give satis- 
factory measurements of stagnation pressure in the large scale 
aerothermopressor . It is recommended that the relative merits 
of the two traversing mechanisms be evaluated from the view- 
points of economics and convenience in the large scale aero- 
thermo pressor. 
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I . Intr oduc t i o n 

The objective of this thesis to construct and test 
a stagnation pressure probe with suitable traversing mech- 
anism for use with a large scale aer o thermopr e s s or . (The 
aero thernopre s sor is a device in wh ' ch atomised water is 
introduced into a hot, high-speed gas stream, with the aim 
of realizing the rise in stagnation pressure which gas dy- 
namics indicates as being possible when the stagnation tem- 
perature of a high-speed gas stream is reduced (l) ). 

It has been determined that the experimental performance 
of an a er o t h^r no pr e s e or can be correlated more effectively 
with a theoretical analysis of the a er o th^rinoor e s cor process 
(2 ) if the gas stagnation pressure in this device can be 
measured. The probe to be constructed, therefore, must be 
capable of measuring the gas stagnation pressure of a high- 
speed, dr o pie t -laden gas stream. (Py definition, the -as 
stagnation oressur© is the theoretical pressure which would 
be obtained if the gas phase alone could be decelerated revers- 
ibly to zero velocity without momentum interchange or heat 
transfer between the gas ohrse and the water droplets). 

Most of the theoretical analysis of the a ero thermoore s- 
sor process to date has been one-d 1 r e ns 1 ona 1 in nature. 

Sincp the fluid flovr in an actual & ev o thermoore s sor is a 
type of pipe flow, it is expected th-t at any point along 
the axis of flow, th* fluid properties "ill be a function 
of the r p A ius of the pipe. C on s * a ue n t ly , proper inter-ore- 
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tation of the exDe'inental data for comoarison with the one 
dimensional theoretical analysis requires that a radial tra 
verse of the fluid nrotierties he taken. It would he advan- 



tageous also 


to h?ve an axial traverse; however, mechanical 


dif f icult ie s 


Dreclude the latter tyve of arrangement at this 


fit age of the 


development , For these reasons the traversing 



raechanism has heen designed to take radial traverses at nine 
inch intervals alonf: the flow axis. 
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II. 



D r ocsdure 



A , Pr obe Co ns truct io n 

In order to accowolish its intended purpose, this probe 
must have two distinctive features not found on the ordinary 
stagnation pressure measuring instrument. First, some means 
must "be employed to drain the water from the prohe, and sec- 
ondly, the nose of the probe must be so designed as to min- 
imise the distortion of the streamlines at the nrobe tip so 
as to reduce the effect of momentum exchange between the 
water d^oolets and the gas stream. 

The geometry of a orobe which satisfies these require- 
ments has been determined by Pussourd (3). ¥e found that 
if the nrobe is constructed onen at both ends, the water 

.at 

which enters the orobe will drain satisfactorily, and the 
accuracy of 'the s tarnation pressure measurement will be un- 
affected provided the ratio of exit to entrance areas is 
an'oroxium t a ly 0 , 05 . In ord a r to minimize the effect of mo- 
mentum interchange at the orobe tin, the ratio of inside to 
outside diameters of the prohe tip must he unity: however, 
from the standpoint of construction this is not feasible. 
Dussourd determined that in order for a prohe to he suf- 
ficiently accurate, this ratio must not he less than 0.713* 

Two basically identical probes satisfying the above 
criteria hove been constructed, the det ila of which are 
shown in figure I, Their stems have been individually da- 
signed to operate in two different traversing mechanises. 
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The probes were manufactured of type ^04 stainless steel 
joined with high temperature silver brazing to permit oper- 
ation in the large scale ae r o t he^nonr e s s or at temperatures 
up to fifteen hundred degrees Fahrenheit. That part of the 
probe stem which will extend into the gas stream is of air- 
foil cross-section to reduce the drag force and to provide 
adequate strength. Strength calculations will be found in 
appendix ^-l. The probe stem was placed seven diameters 
from the tip of the probe to reduce the stems distortion of 
the streamlines in the vicinity of the probe tip. 

7. Probe Test 

The testing of these probes was carried out in equip- 
ment designed by Wadleigh (4 ) and constructed under t N e 
sponsorship of the a erot hermcpre s sor project. This appar- 
atua consists 6f n converging nozzle end constant s^ea, two 
and one-eighth inch diameter test section constructed of 
transparent lucite. There is an atmospheric inlet to the 
subsonic nozzle and flow is maintained by an exhaust vacuum 
created by the gn s turbine laboratory steam ejector, Vater 
is injected into the air stream by probe number six of table 
one of reference ( 4 ) (see figure II ). The probes were in- 
serted in the last testing port., which is located just up- 
stream of the diffuser. 

The performance of the probes vs s checked by comparison 
with data for similar flow conditions obtained from the ex- 
periments of Dussourd. To establish similar flow conditions, 
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GAS STAGNATION PRESSURE PROBE 
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the water rate and stetic measure differences at the plane 
of the probe tip were matched with those of his experiments. 

C * Ira v e rs ing Mechanism Construction 

Preliminary inves fcigat ion revealed that from a strictly 
mechanical viewpoint the most satisfactory traversing mech- 
anism world oc one th* t employed a manually operated, geared 
drive with a counter attached for accurately positioning the 

proles within the aero thermo pre s s or ; however, economic con- 
siderations point towards o more simply constructed mechanism. 
Such a simple device might consist of a mechanism. merely to 
support the probe which could then be positioned by pushing 
in and pulling out the probe stem to which is attached a. 
position Indicating pointer. 

Two designs b&eed on the abo^e criteria were developed 
and submitted. for bids. ~b.e geared dt’ive mechanism cost 
approximately $bQO whereas the push-null one coat /'2^0; how- 
ever , a fair economic evaluation must include a consideration 
of the overall cost of operating the large scale aerotnermo- 
pressor with wnicb the probes arc to he used. for instance, 
since the fuel required to produce the hot gases for the 
aerothermopressor will cost apuroxin&tely oer hour of 

operation, an a opr ec iahle saving i n the time required f ■) r 
the taking of data assumes some economic significance. It 
ie anticipated that the geared d^ive mechanism can be posi- 
tioned accurately more rapidly and hence, m°y efford so^e 
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savings in ou^rating time. In order to determine whether 
this saving would offset the increased initial cost, a 
mechanism of each type has been constructed for evaluation 
to guide future instrumentation design for the large scale 
acrot he rmo pressor. 
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III. Results 



Two urobes were constructed, the heads of which are as 
shown in figure I. The stems of the two instruments differ 
in that one is threaded for use in the mechanically geared 
traversing mechanism, while the othe^ is ulain for use in 
the oush-pull assembly. Two traversing mechanisms were con- 
structed as illustrated in figure III. 

The urobes were tested in the small scale transparent 
equipment shown in figure II. The results of the tests are 
plotted in figures IV through X, along with the points de- 
termined by Dussourd in reference ( ^ ) . 
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FIGURE UX 

PROBE TRAVERSING MECHANISM 
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FIGURE JZ 

NON-DIMENSION ALIH ED, STAGNATION PRESSURE VS. STATIC PRESSURE 
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FIGURE Y 

NO/-WMENSIONALIZEO, STAGNAT/ON PRESSURE VS. STATIC PRESSURE 
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FIGURE YE 

PROBE ERROR IN NORMAL AIR 
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STAGNATION -STATIC PRESSURE RATIO _ TESTI 
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STAGNATION- STATIC PRESSURE RATIO __ TEST JC 



15 




FIGURE IE 

STAGNATION-STATIC PRESSURE RATIO _ TEST IE 
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IV. Disc us sion o f Je suits 
A. ?r> obe s * Mefisureroe ntg 

Sin: e these Drones were constructed in accordance with 
criteria developed by Dua^ourd (l), the only da ta available 
on such a orobe has been that obtained by bis exner itnent s . 

These nrobee vero tested in the srr.e renipnent e^nloyed in 
the err^erinents oi Dussourd. The authors, therefore, have 
atfcmut*d to correlate) their data vith his and ^atch go^e of 
his oicerating points. 

Dussourd calculated a r.on-diaens ionali zed curve of static 
pressure versus et gn*tion for the dry air stream 

from mea sur erent s tabon with u oitot tube. This curve is 
reproduced in figure IV. The curves representing these tropes 

at 

are ouner imposed on this plot (probe^l is thnt one constructed 
v'ibh p stem for* the oush-pull travels ing nechanisto s while probe 
* 2 is for use witn the ‘'ear»d drive). The maximum ceroentage 
error in the measurements obtained v y the^e probes is plotted 
on figure VI for the dotted envelope curve of figure IV. The 
error was computed a . s follows; 



■percent eTor 



(P /P ) , t . , . - (P /? ) . 

o' s nitot tube o s p T1 o b e 



nr x 



( p /p ) 

v o' snitot tube 



The coord in tos of figure IV wa-e chosen in order to 
ma/mi^y the oto" o’ the Vv'°v a r, to give a more 

realist!' 1 or e -;e r. te 1 1 e p o r the r t* o b <» n t -performance the sane 



data van replotted to fc^e r o ord Inn te 7 of figure V. 
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For vet flow conditions, the only data available for 
this type of prole is th' t of Pus sou r& ( ^ ) ; therefore , the 
performance of theca nrobes for wet conditions could he eval- 
uated by comparison of the measurements of these proles witn 
those of Du8Sonrd for identical flow conditions*, The authors 
thought that identical flow conditions rt the plane of the 
probe tin would he obtained if the wate^ injection rate and 
the diff p^encr between atmospheric pressure and static pres- 
sure at the plena of the prole tin were matched with those 
of Dus-ourd. The primary data obtained in this manner and 
calculated as shown in apoendir ^-2 are plotted on figures 
VII through X, and fire seen to correlate well with that of 



Dues our d . 



?y comparing the difference in the ratio of (F /P ) for 

o' * 

the maximum a?fd rinimum values and referring this dif >rence 
to the minimum value as a la«e f the following percentage 
spread in the measurements of these probes was calculated* 



(P /P ) -(?/?). 

o' s max. o sum. 



percent screed = 100 X 



(P /P ) . - 1 

o s n m . 



The percentage cnre^ds so determined for te^ts II through 
V are respectively, 1.01%, 2 . GU % , 2 . 7^ ^ » and 1 .PP.%* 

These spreads were larger* than was anticip* ted by the authors. 

It was noted that these tests v»re conducted witn w. te~~ 
e ir ratios that resulted in unsteady flo^ conditions, n^n- 
ifeste^ by a fluctuating water wave in the diffuser which 
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resulted from normal boundary layer separation and the in- 
clusion of water in the boundary layer. Such unsteadiness 
was not present in the experiments conducted >y Bussourd as 
the reduction in flow area caused by his probes was less 
than the reduction caused by the probes of the authors. This 
unsteadiness caused violent fluctuation in the manonoter 
levels which were damped out in order to obtain data. Con- 
sequently, instantaneous values for the observed data were 
not obtained but rather a time-average value was obtained. 

The value of this time-average depends upon the manner in 
which this unsteadiness occurs and for this reason, it was 
thought thpt this was a possible explanation for the spread. 

For the days on which both probes were tested, it was 

at 

noted t' n at there was a negligible difference between their 
data points. * From this it was concluded th?_t there was no 
leakage or other fabrle-tion errors in the construction of 
the probes. 

The authors noted that for all four flow conditions 
the ratio (? /P^) on April 21, wa a higher than that on May 
7 (nee primary data points of figure. VII through X). Further- 
more, for tests III and IV (see figures VIII and IX ) the 
relative magnitudes of this ratio for April 21, May 7. and 
April 27 were the same (as noted on the figures not all tests 
were run on each day). This systematic variation suggested 
that the spread might be attributed to conditions that varied 
from day-to-day such as the pressure, temperature, and humid- 
ity of the atmosphere and the temperature of the injected water. 
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The temperature of the injected water was not measured 
and hence no analysis of this effect could he made. It was 
felt that the manner in which the data was correlated min- 
imised the effects of atmospheric pressure variations. Since 
the maximum temperature variation of the air between all the 
test days was less than seven degrees Fahrenheit s it was felt 
that its effect could not account for the observed spread* 
Analysis of the effect of the variation in atmospheric 
specific humidity revealed that the magnitude of the error 
introduced by neglecting this effect is of the same order of 
magnitude as that of the observed spread in the probe measure- 
ments. This analysis was carried out in the following manner: 
The aer othermopres sor process produces a rise in stag- 
nation pressure by the lowering of the stagnation temperature 
of a high velocity gas stream. Conversely, it is also true 
that a stagnation pressure decrease will be obtained by rais- 
ing the stagnation temperature of a high velocity gas stream. 
For the conditions in which these probes were tested, either 
process may occur depending on the specific humidity, initial 
mach number, initial air temperature, initial water tempera- 
ture, etc. Complete analysis of this effect is beyond the 
scope of this thesis (sse reference (2) ). 

The qualitative effect of the condensation of varying 
amounts of the humidity may be determined by making the fol- 
lowing simplifying assumptions: (l) the difference in the 

amount of moisture which condenses for the various runs equals 
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the difference in specific humidities of the air for those 
runs; (?) all of this differential condensation occurs down- 
stream of the nozzle. (Note that in the test apparatus, the 
plane of the water injection is downstream of the nozzle; 
hence, since the dewpoint temperature is reached as the air 
flows through the nozzle, tre humidity of the air will con- 
dense and the injected water will not evauorat 0 . It has 
been assumed in this analysis that the temperature of the 
injected water did not affect the air stagnation tempera- 
ture); (3) the flow is one-dimensional; (4) the perfect 
ras relationship^ are valid; (5) atmospheric pressure is 
constant and; (6) there is is^ntropic flow through th© 
nozzle . 

,at 

"•'or each test, the individual runs were modified hy 
assuming thaf^no condensation occured in that run, and then 
calculating th» loss of stagnation pressure which would 
occur du Q to a rise in stagnation temperature if there were 
condensation equal to the difference between the specific 
humidity of each particular day and that o r th° day with 
the highest specific humidity. 

The stagnation pressure was calculated hy an iteration 
process using the influence coefficients of table 8.2 of 
reference (7), in which a single step was taken from the 
nozzle exit to th° probe tip (actual iteration not carried 
out), Thp equation representing tnis process is as follows: 
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where sat?cript s (l) refers to the exit plane of the nozzle 



and subscripts (2) refers to _the plene cf the probe tip. 

. Em* 

Therefore, _ / f . ^ 

Po< V T.. / 



now letting the subscript (a) refer to the original con- 



dition and (b) refer to the condensing condition, and 
assuming: F«,= Fb j Ml i ^ 0 , )a.= ^'^b. 



and since the method of matching flow conditions implies 



that (P, 2 >, -(P, 2 ) v ‘l>e„ ^ 

(h!.\ feY a 

Ipsjb It., A a 
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modifying the (P /P ) ratios in the above manner, the 

O 8 

modified dat* plotted on figures VII through X were obtained 
(see appendix B-l). 

The difference between the primary and modified data 
points for a particular run is seen to be of the same order 
of magnitude as the observed spread of the primary data 
points. In view of the simplifying assumptions by which 
the modified data points were obtained, nothing other than 
the order of magnitude of the humidity effect can be inferred 
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f r o ^ the modified data Doint^ , 



A. * noted r)y*a~T ? ously , th® humidity effect is not th° 
only source er i *o > ' of fchre-e exuer iri°nt s . For instance, 
the humidity effect of test* II and V i - in the opposite 
direction to sone of t h •* o "b <5 e r v* 4 a or ea d . It n® y well he 
that in these ca*es the effect of differences in injection 
water temperature among the various days wa s the governing 
f a c t or . 

These daily variation effect ~ which may have caused 
the 0 ^ s e v e i spread of the primary data points are irport- 
ant only insofar as they affect the calibration of these 
-probe*, and they will have negligible effect on the 
measure™ ^ n t ^ obtained in the large scale aerothermoor°ssor. 

In vi*v of t h r a>ove analysis it is concluded that not 
all f be observed spread in the primary data -points is due 
to inaccuracies ir th° probe me a. suren «nt s . however, even 
if al 1 o f the observed enrea " 5 were due to the inaccuracy of 
the probes, the measurements obtained by the probes would 
still ba valuable in the analysis of the Urgp-^cale aero- 
therroores or. 

These probes have been to read the stagnation 

pressure in sub-sonic, d r op 1 e t- la d c r , gas flows. If these 
probes are to be used in suoer-^onic, droule t- *>aden, ga 
flows, ^ot only must the existance of th^ normal shock in 



front of t^e probe he taken i^ to c 0 n s 1 d e ra t i 0 n when irt or - 
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preting the indicated >y th« p^o 1 ''®, hut also the 

severe 1 o c ® 1 e r a t i o r o ^ t a» va t e r <3 r o p 1 ® t ~ wh ic i pa s s 
tsroug" th° noma 1 shoc^ Kil 1 hav° a strong effect on the 
*or svire 1 n M c « t e d hy t h ^ r~oh« 9 v Irish effect must si sc 
T *e tak°n 4 nto cor c'id^^et i?r. when Interpreting tb° pressure 

indicated hy th® pro he . 

Tries® orotes ha T]r e not ^en teste* in sup®rc«oni" flows. 

TJ . Pro he Strength 

See appendix r '_i for t b r p^ohe strength calculations. 

Ac- iudicat^c. in appendix T> - 1 t h ese proves rot- 

strong enough tc withstand all t: y ®s of flow conditions 
with the probe extended c o n p 1 e t e 1 v zeroes a r eleven inch 
duct 

Spec if ica 1 ly . it i ^ roro ®n °d that the use of th® 
or oh® *5 "e lijnited in th® following i manner: 

i . Do not extend th~ prohes into a hot, i uy 
ga -3 flow any more than is nee ® s s&ry to 
obtain readings. Silver hr o sing he s h®cn 
us i in tne asse h 1 y of these orol®* end 
a t h o ug h t h ® rp-in p1 t t e m p® t u r ® of t h ® s i 1 v ® r 
3 1 ■* o y employed is 2 0 0 D 0 P . , t s i s alloy fill 
nave little strengt at Mgh t em pe m t ur e s . 

?. v hen th® t>t o r * is e^t^r^d nto the duct 

i u ^ i n g hot dip *• u n s , d o not ® r e e ® * e •* r. c h 



nun he ^ of 0 . £ . 



It i s doubtful if tl ' silver 
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“brazing will "be able to withstand the shear 

imposed 'Ui^in? hot, dry, trans-sonic 

flows . 

^ ♦ During hot, dry runs never ext°nd the urobes 
r ore than 5 • 5 inches Into the duct. 

H , During we t rune when the Mach number is less 
than 0. the prohe can he extended 11 inches 
into the due t . 

p. During wet runs when the Macn number is greater 
than G.g, th*= prohe should not "be extended 
n or® than 5*5 inches into the duct. If this 
limitation of ^yt n nnon of the -orobe is 
followed, t ne uro v e should he able to with- 
* stand all Mach number flows likely to be 
*%> fin count c r e d . 

During wet runs, if there is su^-soni c flow 
in the diffuser section the nrobe can be 
extended to tne c°ritfir line of the diffuser 
section. 

0 , Trfi^p^s i pg M ec ca n i sm 

Th^ test and evaluation of the traversing mechanism 
mu-t be carried out ir the larg«-^c?le ae r, other-"op rc ssor, 



and therefore such tests must he conducted at a future date. 
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The urohes as constructed will ^ive satisfactory 
neasur«n°nt ? of stagnation nr assure in th° la scale 
fier othermonros * o^ within the limit - of ex.oecte^ exoer- 
iu** lit a 1 err o ^ . 

The str^nft of th°se definitely is limited. 

Tt is f plt , however, that if limitations on the use 

of tn-s* nrohes s listed, in the r ec o ^nendat ion s are 
followed, tr.ese urohec; wil! h« a^le to he u~ed without 
structural failure of any kind. 
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V I F econnen datl ons 

A. It is recommended that so r r - consideration fiver to 
the evaluat of th relative rr.erite of the two 
treversi n^ ™ e c ha n i s ^ s fro the viewpoints of economics 
and co nver i^rce . 

P. Due to the lin’tation of the strength of the proves it 
is reconmended that their n<§ p he restricted as follows: 

T. K»eu the p^oh^s out of the hot, dry flow 

r s m-jch as p o r s i 1 e * 

?. Vher. the prohe jc u^sd during hot, *ry runs, 
do not exceed a Mach number of 0 . ^ . 

^ . Purina rot, dry runs never extend the pr obe 
nore than ^.5 inches into th° duct. 

at 

U . ^ Pur ^ nf 41 v * t " r r n s when the ?'ach nuuter is 

lege than 0 . ? , the pr ohe can hp extended 11 
inches into the duct. 

K . Puring tt wet * runs when the Mach nnnher 1 
^reat^r than 0 . ? , the p> r 0 h e should rot he 
extended then 5*^ inches into th° duct. 

Purine M wet w runs, if there is ouh-^onic 
flow in t h n 1 iffi er f action, the oro^e c^n 
h » extended to the center line of t h ^ if fu:er 
section. 
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Aonendix A-l 



I i «> t of S ymb o ls U sed in Test 
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w 

w 

a 

A w 

w 
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chord 



drag coefficient 
total drag force 






moment- of inertia 



ratio of specific heats 
length 
Mach number 
bending moment 
atmospheric oressu T *e 
static pressure 
stagnation pressure 
gas constant 
thickne ss 

stagnation temnerature 
velocity 



water-air ratio 



difference in specific humidity 

distance from neutral axis to fiber being 
considered 

dens ity 

stress 
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TTomenclAtuve (cont . ) 



Sy r? > o 1 s 



Sul)?cri^ts 
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Cu 
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v i s c o s i tj” 



original condition 
condensing condition 
refers to initial condition 
refers to local conditions 
refers to prole 
refers to pitot tule 
exit nlane of nossle 
olane of nrole tin 
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FIGURE XI 

DIFFERENTIAL STATIC PRESSURE VS. DISTANCE ALONG TEST SECTION 
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STATIC PRESSURE TAPS (FOUR-INCH INTERVALS) 



Appendix A- 2 



D e t a i I s of pro ce dure 

Bus s our d (3) presented his results as a plot of the 
ratio of the stagnation pressure to static pressure at the 
probe tip versus probe diameter for various ratios of static 
pressure at probe tip to atmospheric pressure (see figures 
V - Till ). In an attempt to match his operating points, 
the value of the ratio of the static pressure at the probe 
tip to atmospheric pressure was duplicated. 

For several runs, a survey of static pressure versus 
distance along the test section was made to determine the 
correct value of static pressure at the orobe tip - (see 
figure XI ) . It was found that extrapolation of the curve 

.at 

from the readings of pressure tans C, D, and E to the plane 

A 

of the probe tip, in order to eliminate the effect* of the 

pressure of the prole itself, resulted in a value of static 

pressure that was equal to that obtained from pressure tap 

F which is only slightly in front of the plane of the probe 

tip. Therefore, the reading of this pressure tap was used 

for all subsequent measurements. 

For each wet run, a plot was made of (P - P ) versus 

a s 

(P_ - P ) - see figures XT - XVIII. The value of (P ) cor- 
a o s 

responding to the correct ratio of (P /? ) was then calculated 

s a 

and the c orr e sPond i ng value of (?_ - ? ) was obtained. The 

a s 

aforementioned curves were then entered with this latter value 

of (? - P ) to determine the corresponding value of (P -P ). 

as a o 
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With this value of stagnation oressu^e and the previously 

calculated static pressure, the ratio (P /? ) was cal- 

s 

culated and ulotted on figures VII through X. 
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Appendix ?-l 

Fro be st ren gth Calcu l ations 

The strength of these probes is limited, and therefore 
a certain amount ox f oretnou^ht must be employed in txaeir 
use in order to avoid damaging the probes. 

First, although the probes are made of type 3 04 stain- 
less steel, silver brazing has been employed in the joining 
of the various parts of the probes: and in s'oite of the fact 
that the re-melt temperature of the silver alloy employed is 
2000° Fahrenheit, it is recommended that the probes be ex- 
posed to high temperatures as little as possible, teeing 
into consideration the value of using the probes to obtain 
measurements in a hot, dry gas flow. 

Second, although these probes were designed primarily 
to measure the stagnation pressure in sub-sonic gas flows, 
it is recognised that these probes may be used in the trans- 
sonic and super-sonic regions of the aer o thermonr e s sor . In 
view of the fact that the shape of the probe-stem cross-sec- 
tion in a blunt nosed ( i. e. subsonic) air foil shape, use 
of the p^obe in the trans-sonic and supersonic gas flows will 
result in high aerodynamic drag forces hoing imposed upon 
the probe. So that the orders of magnitude of the^e drag 

forces will be appreciated by the persons using t .e^e probes, 
the follovring strength calculations are presented. 

The stresses occuring in the prone stem will be calculated 
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by ^iirT)le "bean theory aspnnin^ a uniform, cantilever type 



lor din*? : 



My 



T 



where 



D = total drag force 

a = stress ( corner es s ive or tensile) 



M = — p = maximum bending moment 



1 - length of the equivalent cantilever bean 

I = aciient of inertia of the beam across-sectional 
area about its neutral axis 

y = the distance from the neutral axis to those 
fibers being considered. ( usually the ex- 
treme f iber s ) 

In orde^ to compute the moment of inertia of the beam 
(probe-stem) cross-sectional area, about its neutral axis, the 

-Jk 

stem cr o s s- gee t i on will be simplified to a semi-circle at the 
base of a tranezoid with the hole in the probe stem centered 
at the junction of the semi-circle and trapezoid as shown: 



y 



c 




With t^is shape Iyy can be computed as follows: 
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The first moment about yy can "be computed as follows: 

O.SUU 2(0. 0^25) + 0.25 N O.S44(0.0625 + 0.25) 

yy 3 ' 0.0525 +0.25 ' 2 

4(0.125 ) , tt( 0 . 125 )"' S 

5tt 1 2 ’ 

- 0.0445 _ 0.0013 

= 0.0432 in. 1 

The total crosa-section area is as follows: 

A _ 0. 844(0. 0625 + 0.25 ) . n(0.125) 2 

A 2 + 2 

= 0.1520 + 0.0245 - 0.0113 
? 

= 0.1452 in. 

The center of area from yy is: 

Myy _ 0.0452 



T> ( 0 . 06 ) 2 



yy " cc = “a“ “ 07HT52 

= 0.297 in. 
cc is the neutral axis. 

Distance of cc from leading edge is: 

7 1 = 0.297 + 0.125 
= 0.422 in. 

Distance of cc from trailing edge is: 

y t = 0. 844 - 0.297 
= 0.547 in. 

The moment of inertia about the neutral axis, cc, is: 



= I - yy-cc (A) 
c c y 7. 



= 0.02 18 - (0.297 r (0.1452) 

= 0.0218 - 0.01282 

„ . 4 



cc 



0.00893 in. 






-r- 



g o tol ' ^ j 



v Jf! 



t " 



( 



. r ) 



t • *• 1 • ) \ • 

- ■ ~~ . ( “ ) — - ■ 



-j." ) ) - * v*_)J 



rr I _ 



. r 



i. 7 r. 



;» vc :; 0 1- . - / , « 0 ;-jo« -pjoro •■• T 



• ) 



1 { * \i , 2 L + i£i t_i 



<^rC . ) J _ 



rr ;.c - . *+ 

r 



5 



* • r I * • " 

c -tfl . . = 
f * % o ~ ^ T 



s r ♦ . 

- 77 



v 7 

~r 



0 - 



,,r£ T • . - 

. 9 ^ V r* [t ri j ' Cf « f ^ 

10 1' G • ; « j * » r k* 



i \ • •nr 1 «* ' t c 

• r I . o 4* T ■ c * < C r 

rr /■ il •• f “ 



7 



P 1 , *> < * 



: } m • -c •*) ■ "■ - c '9*'.- - + ‘ 

Tc' - - "'•>' ^ 

.-.i T .C = 

rt/'«c • ;* r • 'io tfi 0 * * f r 



o o 



(O Vo- ^ ? I * 

z' r r ' ) * ^ rs C ^ — r °v> 4 r; 



~ ic / - r sc . : - 

f . rrj ' v ‘- ' V ~ s I 



- 38 - 



It is recognized that when there are water droplets in 
the gas stream, the drag force acting on the prohe will he 
greater than for c orr e spondi ng gas flows which contain no 
water droplets, due to the extra drag force caused hy the 
momentum change of the water droplets which strike the prohe, 
No attempt will he made here to compute the extra drag force 
caused hy the water droplets. Instead, this analysis will 
assume isentropic flow of a perfect gas with constant spe- 
cific heat and molecular weight with k = 1 - 4 , for the pur- 
pose of computing the properties of the gas; and tnen 
experimentally determined drag coefficients will he employed 
to estimate the drag fore®, (The authors leave to the person 
using the probe the problem of estimating the effect that 

at 

water droplets in the stream will have on the drag force, 
■oointing out , however, that in addition to affecting the drag 
force directly, the water dronlets will also change the flow 
conditions of the gas, for instance, hy changing the temoe?- 
atnre and density of the gas flow, ) 

The drag force will he computed hy a formula of the 

type : 

y‘ . 

D = Co— -(area) 

CL. 

The density and velocity will he computed hy isentropic 
processes as follows: 

It is expected thet the maximum stagnation temperature 
to he used in the arr o t hernorre s sor is 1 * 500 °?- or i960 0 F. 

It is expected trt the maximum pressure at the entrance to 
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the aero the^mopr es « or <r iil ' e su psi g or 34.7 psia. 



Therefore, considering the fixt^erae cage: 

T « ic 60 ° ?. 

0 

P = 34.7 us i & . 

o 

o = * 

0 0 

T3 *ti 

i\ J. 

0 

= "U .7(lhU ) 

*5. 7*(lc<;o(72. 2 ) ) 

= 1.437 x 10" ? slugs/ft. 

Let the subscript P. dec i$:n.p ts the condition at the uroLe, 

Then : 



•71 




Reference (5) Table 52 




V 2 = 49 tTt^ m 2 

Now: C r is to he determined from experimental data and 
the ^area” must he chosen to fit the definition of G^ # 

Por the probe-stem cross-section: 
t = thickness = 0.25 in* 
c = chord = 1.00 in. 



Therefore: t 

c 



■25 



Po^ 3u*bsor.ic c onpr e n s ih>le flow et low and moderate Mach 
numbers fche c omp~r « s ibil i ty effects of th- flew have only a 
flight influence on the drag* coefficient determiner by in- 



c omr^ec c ible flow surenents. lf her 



he local Vact number 
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nt some ^oint of the f lo ^ around th« body exc^edn unity . 
however, the Irf-.g coefficient begins to increase quite r ac- 
idly over the drag coefficient for incompreasitle flow, 

Th* free stream Mach nunter et which son* local Mnch nur her 

reaches unity is called the critical Mach nuntcr. The free 
stream Mach number at which the drag coefficient "begins to 
increase rapidly is called the drag-divergence Mach number. 

It is estimated that for Mach numbers higher than the 
drag-divergence Mach number the drag coefficient of the probe 
stem based on the frontal area will be almost tne same as 
the drag coefficient of a circular cylinder in transversal 
flow based on the frontal area. 

Figure 3,2,10 of reference ( 1 ) has a c irve of 0 vs. M 
for a civeulfi-c cylinder in transversal flow f or trans-sonic 
flow. According to this curve the drag-di ver gene e Mach 
number is 0 * S s after which 0 rises to 2,11 for a Mach num- 

i) 

ber of unity and falls a&ain to 1.5 for n Kaeh number of 1 . 5 . 
Now, an estimate will be made of C T for M = 0.8 for the 

probe stem. For the circular cylinder of reference ( 5 ). C_^ 

= 1.5 at Y = 0.8. This 0 will be compared to that for an 
airfoil shape at low Mach numbers. 

M 0 =0.8 

n 

T 

— p= = 0 . R 3 h 1 ; 2 
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P n 

— - = o. 7U000 
p 0 

r n = 0. ^Uo^nd Jifx y i rf" ) 

C- 

= 1.0°n y 10“ 7 



t 2 = 0 . 88652 (1060) 

= 173S 

~ 2 = 49(0.?) irjJ? 

= 1637 f t / 8 R C 
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c 



^2 



Table 30 of Aeference(6) 



^2 - ■■ 7 — — X 10 “' Table 2 'Reference (6) 

= 8,67 X 10" 7 s lugs/ see. f t * 

Reynolds*, number = ( 1.099 % 10 “ )(l 637 ) 

(12 )(2, P7 X 10“ 7 ) 

* 1.739 X 10 7 

According to figure 5-1 of reference (5) : 

For Reynolds Funber = 1.739 X 10^ and t/c 0.25 

C* = 0.0m based on the wetted area. 

D 

The wetted area is about eight tines the frontal area 
for the probe s^eiv and therefore, when the is based on 



th^ f-ontal area it will be : C.^ = 0.48 

The ratio of these drag coefficients at H - 0.8 in 
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It can he s t h ted that the for the prone stem will 
he larger than C.Ug both "because of c ompre s s ih i 1 i ty and "be- 
cause the maximum thickness of the probe stem occurs at 
12 O % of the chord. It can also he stated that 0^ will ho 
less than 1*5 since the probe-stem is a more ” s tr earn! ined t! 
shape than a cylinder. 

In order to he conservative in this analysis the authors 
assume thnt for M =0.8 the for the prohe stem is 1,5 based 
on the frontal area* 

The drag force and maximum stress will he computed for 
the following assumed conditions: 



0.8 


0.9 


1.0 


1.1 


1.2 


1.5 


1.5 


2.13 


2.13 


2.13 


2.13 


1.5 



For convenience it will he assumed that tae prohe tip 
hs b the same drag force as l/g inch of stem. Therefore when 
the prohe is in the center of the test section 1 = 5*5 inches. 
The drag force and maximum stress will he computed for J(* 5.5 
inches. The drag force will vary directly as A and the isax- 

p 

irrnm stress will vary directly as 
For H - 5*5 inches 

Frontal area = --I ? ^ - = 0.00955 sq. ft. 
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ASSUMED VALUES OF C D BASED ON THE FRONTAL AREA 
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F/GURE XK 

DRAG COEFFICIENT VS MACH NUMBER 




MACH NUMBER 



2.2 

Z.O 



1.8 



1.6 



I* 



1.2 



10 



ASSUMED l/iUUeS OF C D BASED ON THE FRONTAL ARE A 



Tati? I 





Sun nary 


of Maxi 


nun S t r e s 


;s Galen 


lati ons 






m 2 


0.8 


0.9 


1.0 


1 . 1 


1.2 


1.5 




s 


1.5 


2.17 


2 . 17 


2.13 


2.13 


1.5 




°c 


1.4RX X 


10 -1 












P 2 _ 

P 0 


0 . 7 U 000 


0.68704 


0.67794 


0. 5 81 69 


0.53114 


O. 7949 S 




P 2 


1 . CQOxlo 


1 . 020*10 


9 .40*io 


8 . 63 x ^ 4 


7 . 88 * 10 * 


5 . Sox ** 4 


slu^s /ftf 


*0 


19 6 . 0 ° P. 














*2 

T o 


0 . S 8692 


0,86058 


0 . 83333 


0 . 8 O 515 


0.77640 


0.68965 




T ? 


173S .. 


1688 


1677 


1580 


1522 


1750 


0 p. 


7 2 


1677 * 

~-o 


1815 


1980 


2142 


2297 


2702 


ft/ sec . 


Area = 


•i 

0.00955 


ft. ? 












D 


21.05 


74.2 


37.5 


40.4 


42.3 


70 . S 


Its. 


k 


5 . 5 inche s 












M 


57 . s 

O. 5 U 7 in 


94.0 


107.1 


111 . 1 


116.7 


84.7 


It- in ^ 


7 


2 


I 


0.00898 


in. 4 












c 


7520 


5770 


^280 


6770 


7080 


5160 T3si 


£ = 5*5 in. 


a 


lU080 


22920 


25120 


2708o 


28720 


20640 


i= 11 


(Note: 


although these 


stresses 


wore computed 


for the case in 


which 


T. = I960 


for 


cons tnnt 


Mach number, constart P 


q . and 



p 

perfect gas rel t ionshins , the "oroducfe p 0 7 ‘ does not vary with 

C~ d 

and therefore if these stresses are plotted against Mach 
Hunter they vill te valid for all values of T ) 
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FIGURE 3M 

MAXIMUM STRESS VS MACH NUMBER 




MACH NUMBER 



STRESS (PSI THOUSANDS) 



FIGURE XEE 

STRENGTH PROPERTIES OF STAINLESS STEEL TYPE 30 4 
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App o rA ix '~-2 



Samp le o f n **ry D ota - pint Calculat ion3 



Test II - C.1Q0 lhs/sec vrater 
Probe *"l - Run II-A U/n/sU 

r = inches Eg* X 2.^4 cm/inch = 76,261 cm. Hg, 

•ft* 



A curve of the above values is plotted on figure XY. 

p s /p = 0.3103 

p = (0.8103^(76.261) = 61.794 cm. Eg. 

P A - Pg = 76.261 - 61.794 = 14.467 CB . Eg. 

ITow referring to the above plot on figure XY, the value of 

(p^ - Vq ) corresponding to the ahov* value of (p A -7> 5 ) is 

found to he- 

(p -p ) = >4.062 cm. Hg. 

p Q = 76.261 - U.062 = 72.195 cm. Hg. 




(P A ~ ? 0 ) cm. Eg. 



( p A - u g ) cm. Fg. 



3 . 63 S 

4.035 

4. 310 



12.52 

14.37 



16.02 




» 61.79U 



This value is then, nlottefl on figure 71 1 of the results. 
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Ap pendix 3-3 

Sane 1 e of Modified Data "Point Calculations 



Test II - 0.100 Ihs/nec, injected water 
?rohe#l - Sun II-E - 4/21/54 



Mj = 0.582 



M. 



= 0.1455 



M_ = 0.476 



m t ^ = 0.2266 



2 2 2 
M = M 4- M 

Uj L 



0.57 25 

2 



= 0.1862 



a.“ , 0i1 , 03 4 

( 2 ) 



specific humidity = 0.00*3 l>s vater/lh air 

reference specific humidity (4/13/54 ) = 0.0045 1 "be vatar/lh air 



A (w /w ) = 0.0048 _ 0.0083 = -0,0038 lhs water/lh air 
w ' a 



v/ A hfs; = w C AT_„ 
w - tv n 02 



*V ■ «-/*,. ««*- (-0-0°^ X^o) . <_ 0 .w)<«.vn) 



T > 



Tha-efore, AT' ( = -15.68 



V T72/o 0.13034 0.1 

(1-A T 02 /S 02 ) = Cl- (- 16 . 68 )/ 530 } - (1 + 0.03147) 



, v ^ 8 034 

= (1.031-47) ~ = 1.00410 



f? o/ ? sVod. = ( p 0 / ? S ) 0ri^ d.00410) = 1.1700(1.00410) = 1.1748 



Thi3 value is then plotted on figure VII of the results. 
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FIGURE 2? 

DIFFERENTIAL STATIC PRESSURE VS. DIFFERENTIAL STAGNATION PRESSURE 




Po.-Po (cn. Hq) 
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FIGURE 33ZL 

DIFFERENTIAL STATIC PRESSURE VS DIFFERENTIAL STAGNATION PRESSURE 
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FIGURE XHI 

DIFFERENTIAL STATIC PRESSURE VS DIFFERENTIAL STAGNATION F^ESSURE 
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Ap ' p endir 0- 1 



Tat>le II 



Summary of Dry 'Run 


Calculations (Pitot 


TuTd© ) 




(? / ? ) 

v s' a 


(? -P )/? 
a s 7 a 


(R -P )/? 


<V P r> 


(? /? ) 
A Q 










O S 


0,920 


0. 080 


0.010 


0.990 


1.076 


0.878 


0. 122 


0.015 


0.985 


1 . 122 


0. 874 


0.166 


0. 020 


0.080 


1.175 


0.789 


0.211 


0.025 


0.975 


1.976 


0.745 


0.255 


0.030 


0.970 


1.702 


0.693 


0.307 


0.03 5 


0.965 


1.392 


0,677 


0.363 


0. o4o 


C.960 


1.507 


0,556 


0.444 


0.045 


0.955 


1. 718 



(? /? ) 
a' 0 


( P/P ) 

s 0 


(? -p )/? 

a s o 


<w ? „> 


1.010 


0.929 


0.081 


12.746 


1.015 


0,891 


0.124 


8.065 


1.020 


0.851 


0. 169 


5.917 


1.026 


. 0.809 


0.217 


4.608 


1 . 071 


\ 0.768 


0.263 


3.802 


1.07 6 


0.718 


0.718 


3.145 


1 . 042 


0.664 
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0.5 s? 


0.465 
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I a 1 1 e II ( coat inu ed ) 

Summary of Dry Bun Calculations (''’ro'be) 







(p _? )/^ 
a s ’ a 


<V 


(P )/(? -? ) 
o' a s 


?un 


I-A 


0 . 72 ? 


73 . 681 


2.987 






0.276 


74.028 


3 . 508 


?un 


I-B 


0.105 


72 . 846 


1.176 






0.227 


73.546 


4.276 






0. l6o 


74 . 154 


6.103 


Hua 


I-C 


0.344 


73.226 


2.784 






0.299 


73.683 


3 .218 






o , 260 


74.019 


3.720 






0,226 


74.173 


4,299 






3.175 


74.742 


5.578 


Bun 


I— D 


0.2 84 


74.399 


3 .400 






0.211 


75.067 


4.625 






» C.22Q 


74.920 


4.282 






0.162 


75.540 


6. 048 






% 0.193 


75.303 


5.061 


Bun 


I-B 


0. 105 


74.732 


9.377 






0.176. 


74.056 


5.539 






0.2 84 


72.986 


1,392 






0.244 


73.418 


3.975 


Bun 


I-F 


0.316 
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73.488 


1.03 7 
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0.216 


74.385 
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A irp p n .1 i x_J3 -2 
T abl e III 

"umm^ry of T> "o'b« Sr^or On 1 cu 1« t i on for Uormal Air 



p /? 
3' d 


(p -?Vp 
'a a 


<vw* 


<VVt 


(P /? )- 

0_ 3 1 
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0.015V 
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0.88 


0.15 
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0.9818 


1. 155 
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0,9555 


1.879 


o. #7 5 


0. 55 
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Appendix C-3 
Table IV 
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Surnnary of Primary Data Point Calculations 









Test I - Dry Runs 










(P a - p o)/(P a ) 


(map.: 


Frobe #1 


Run 


I-A 


0.03704 


0.67758 








0.03250 


0.72424 




Run 


I-B 


0.03923 


0.69746 








0.03004 


0.77316 








0.02202 


0.83976 




Run 


I-C 


0.04292 


0.65625 








0.03695 


0.70069 








0.03256 


0.73990 








0.02793 


0.77339 








0.02311 


0.82436 




Run 


I-D 


0.03347 


0.71532 








0.02479 


0.73922 








C. 02670 


0.77116 








0.01864 


0.33730 




V 

pk 




0.02172 


0.80676 


Probe #2 


Run 


I-S 


0.01440 


0.39439 








0.02332 


0.82367 








0.03743 


0.71618 








0.03173 


0.75641 




Run 


I-F 


0.03950 


0.68370 








0.03164 


0.75167 








0.02777 


0.78434 








0.02291 


0.82617 








0.02093 


0.84135 
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Table IV (continued ) 

Surraary of Primary Data Point Calculations 

Test II - 0.1C0 Ibs/sec water 
(P a /P s ) = 0.8103 



(P s ) cm Hg 


(Pa.-P s )c*i Hg (P a - 


-?Q)cm Hg 


(P 0 )cm Hg 


(Po/Ps) 


Probe #1 Run II-A 


61.794 


14.467 


4.062 


72.199 


1.1684 


Run II -B 


62.564 


14.647 


4.012 


73.199 


1.1700 


Run II-C 


61.996 


14.514 


4.040 


72.470 


1.1689 


Run II-D 


62.373 


14.602 


3.992 


72.933 


1.1701 


Probe 02 Run II-E 


61.996 


14.514 


4.052 


72.453 


1.1683 




Test III 


- 0.125 Ibs/sec water 






* 


(P a /P s ) = 0.7337 








'iPgJcm Hg 


(P a -? s )cm Kg (P a - 


-? 0 )cm Hg 


(P 0 )cra Hg 


(P 0 / p s) 


Probe #1 Run III-A 


56.691 


20.576 


6.078 


71.189 


1.2557 


Run III-B 


56 . 646 


20.560 


6.180 


71.026 


1.2539 


Run 1II-C 


56.342 


20.450 


6.330 


70.412 


1.2497 


Run III-D 


56.143 


20.377 


6.130 


70.340 


1.2529 


Run I II-E 


56.477 


20.498 


6.022 


70.953 


1.2563 


Probe 02 Run III-F 


56.143 


20.377 


6.245 


70.275 


1.2517 



. 3 .' •' t 1 



s v*- 






•• if f.+ fft f * w i 



• >jL 



1 *jt -it lw ,t 



4rfC 







r- •. • __ » 'I , J ~ T 


vf* I 
















' " 3 ■ ; 












■ r '-V) 


> - ) 


‘ * * f ’ ' ’ “-6 ) 












^sir.i 


-a.'T 


11*0.3 






/* ’i 


« 


X 


> :i 1 


ccri.i 


V 


11 \A 


. il 












fife* 


iT ; . • 


- 


AI5.JJ 


- \.Ic 


0~il 








IOVI. 


r S ,rr 


: v .c 


SC, >..3 


nr,*^ 


a- . 


. 'il 






.-• dlil 






>r.i ■ 


3 .r 


i-ri 


r^v 




» 5 >*!' 






T **)•"' f 


omW ;-l._2 - T 


fa.T 
















r rs ' U e \A: 












U V) 


y ' \ •!) 


S’ £ 


) ’ T O' -O 


- f ft 


V j 








rses.i 


CEl.iV 


8V0.3 


C? . 'T 


f, Vc. 




iWf 




eXoii 


v r. 


•Vv . ft 




c 




--r i 


fw' 








> . - • * 




*.>. t 


.3. .j; 


i~ -A 


.! 








1 ' c 


.i 


r r . 


' -If , c 










i ) •; . 


i *v.ev 


r.s >.i 


•i . »' 


<* i.>? 


: - :i 


J 






'L 


• . 3 : 


0<\-- 




U X.4? 


’-in 


atC 




~: ( J7 1 



- 38 - 



Table IV (continued ) 

Sura 1 -.ary of Primary Data n oint Calculations 



Test IV - 0.150 l b s/ sec water 
(P a /? s ) = 0.6432 









(P 


B )c~j Hg 


(® a -? s tcb Hg 


(Pi-Po)® 81 h 3 


(?o)cm Hg 


(Po/Ps) 


Probe 


n 


Run 


IV-A 


49.462 


26.845 


8,813 


67.489 


1.3645 






Run 


IV-B 


50.073 


27.179 


3.712 


68.545 


1.3683 






Ran 


IV-C 


49.733 


27.022 


9.025 


67.735 
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Run 
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49.636 


26.966 


3.511 
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49.146 


26.673 
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67,243 
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Test V 


- 0.100 Ibs/sec water 
















(Pa/P 8 ) = 0.59395 
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(Pa-P s ) cm R g 
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Date 

5/14 

4/21 

5/7 

5/7 

4/13 



Date 

5/14 

4/21 

4/21 

5/7 

5/7 

4/23 



dix C-4 



Table V 

Surr ary of Modified Data Point Calculations 

Test IJ - 0.100 lbs/sec water (injected) 

Ml = 0.332 Kj 2 = 0.1459 

M l - 0.476 h L 2 = 0.2266 

M 1 = 0.1362 
W? - 0.13034 



kiM 

a(<VW) aT 0 2 (AToa/530) (l-^p) (P 0 /? g )orig (?o/P s )nod 



-0.0013 - 5.71 -0.01077 


1.01077 


1.00140 


1.1701 


1.1717 


-0.0033 -16.68 -0.03147 


1.03147 

\ 


1.00410 


1.1700 


1.1743 


-0.0017 - 7.46 -0.01403 


1.01408 


1.00184 


1.1689 


1.1711 


-0.0017 - 7.46 -0.01408 


1.01403 


1.00134 


1.1683 


1.1710 
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Tkst III - 0.125 Ibs./sec water (in.lected) 
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Mj 2 ~ 0.1936 






Mr, = 0.577 




M L 2 = 0.3329 






M 2 = 


0.2632 


• • 






M? s 


= 0.18424 
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0.9635 
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0.0026 
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Table t (c ontf nu .c 1 [ 

Surrary of VoilfW tta Poirt U3cv.latior.s 

l§I.t- I' v'. - C .150 ~!>rAf , to ( ir.;i»cte..' ) 

*1 = C ,4-0 l/ = ' ,2304 

V;y - C 3 67L . c,45 c 7 

K 7 = C .3451 

kS = c. 241 64 
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^o/Pa-'orip 


( i (,/P 3 Vo 
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0.9635 
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Griginr.l De t" 



Probe ,41 



Probe ,f 2 



Test I - Dry Puns 

P a (Inches Hg ) (Pa-Pn)ln H a g 



Run I-A 


4/13/54 


3C.j24 


24.67 


32.40 








21. 1C 


33.70 


Run 1-2 


5/5/54 


29.852 


22,94 


4C.35 








17 .20 


30.27 








12.15 


22.63 


Run. I-C 


5/7/54 


30,122 


26. 3C 


44,50 








22.90 


3c .30 








19.90 


33.75 
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2b, 95 








3 3.40 


23.95 


Run I-I) 


5/14/54 
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*^1 .C'L 
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16.23 
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17.62 


27. >'5 


Uk 






12,49 
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14,: 0 


22.65 


Run’ I-K 


5/5/54 


29, £52 


7.97 


34,00 








13.57 
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. 4 5 








10,47 


3 2.60 
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Original Oeta 

Test II - C.1CC Ibs/sec wat er 



Probe hi 



Probe t,2 









Fa. (inches Hr) 


( - sl-? e ) cn Hr 


.(%-Pnl: 


Run 


II-A 


4/13/54 


30 .024 


12.52 


49.29 










14.37 


54.67 










16.C2 


58.40 


Run 


II-H 


4/41/54 


3C .393 


14.71 


55.C5 










13. c 5 


52.20 
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II-C 


5/7/54 


30.122 
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6t oCC 
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13.65 
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12.74 


4 r ,5C 
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17. C4 


62.00 


.-3fc 
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Probe . 



Table 7 a (rpiytintt?-! ; 



Original I* ta 



Te st III - 0.125 Tba/s^o vfr ter 



Fa (inches Hg) (P a-c- s )cn Kg (1%-Pp)in Ii ? C 



Run 1 1 1-3 4/21/54 



Run II1-S 4/21/5/ 



Run III-C 4/23/54 



F-i?n III— I? 5/7/54 



Run III-S 5/14/54 



30,4:0 


19,64 


79.10 




#0 JL 3 


04.55 




17.52 


71,15 


30 .396 


1* .73 


77.1C 




39,75 


00,00 




21,13 


'7,05 


30,233 


10,92 


M .Of 




21.3C 


&9 ..14 




22,54 


94,< 0 




19,30 


01,75 




2C .61 


07,90 




19.73 


i 3 .42 




20,21 


05,73 




20,92 


80 ,05 




21 .00 


92,05 


30.126 


19.26 


70,55 




20.19 


62.45 




20,99 


86,10 




22.30 


90, CC 




20,72 


05.IC 


30,305 


19,70 


79,39 




21,2 


84.65 




21,9c 


' 6 .40 




20,55 


01.51 




10,97 


75,4C 


30,126 


40 ,r 


' 3. C 




20.74 
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21.36 
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22, C5 


9C.65 
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T able VJ ( co^ t ' rued) 
Original Tata 



Probe f 1 



Probe f 2 



lest lV - 0,1 5C l bs /sec vX-er 







r a ( inci 


( r a.” p B )cn % 


(IV?. )in 


xun 


IV-A 4/14/54 


3C .C4< 


29.35 


13C. 43 








23, SC 


127. 38 








26 9 5 


121X7 








2.7.95 


124.10 


IX sn 


I/-B 4/21/54 


30.416 


26.10 
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27.35 


11 9.5C 
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XV-C 4/23/54 
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T.g -hle VJ_J c •) j t i y.;ed ) 
Or 110 1 n a ta 



V - 0.100 In? / s •• c water 
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